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(57) ABSTRACT

Embodiments herein provide for a method of dynamically
converting servers and a computer and storage readable
medium configured to do the same. In the method a first server
enters a server conversion while a second server performs one
or more network services. A current physical hardware con-
figuration and logical hardware configuration of a first server
and a second server is verified. Possible conversions are cal-
culated of one or more valid logical hardware configurations
and one or more valid physical hardware configurations based
on the current hardware configurations of the first server and
the second server. A valid physical hardware configuration is
selected for both servers from the calculated possible conver-
sions. The physical hardware is updated for the conversion of
the physical hardware configuration of the first server. The
current logical configuration of the first server converts to a
valid logical hardware configuration based on the calculated
possible conversions.

14 Claims, 4 Drawing Sheets

Start
303
A Begin server system. B
convetsion u
310,
Identify machine stato of
server

335, 315

‘Tnstall physical
hardware for
wpgrade.

configurations of
servers from lookup
table for user to select




US 9,306,805 B2

Page 2
(56) References Cited 709/224
2014/0007072 Al* 12014 Chhabra ................... GOGF 8/65
U.S. PATENT DOCUMENTS 717/171
2015/0020050 Al* 12015 Dain ....cccceevveenee. GOG6F 11/22
2003/0120914 AL*  6/2003 AXDIX ..o GO6F 9/45541 717/124
713/100
2010/0153638 Al* 6/2010 Yochai ............... GOGF 11/1464 * cited by examiner
711/113

2013/0326053 Al* 12/2013 Bauer ... GO6F 11/3442



US 9,306,805 B2

Sheet 1 of 4

Apr. 5, 2016

U.S. Patent

Server
1
Server

01

Client
Computer
102

FIG. 1



U.S. Patent Apr. 5, 2016 Sheet 2 of 4 US 9,306,805 B2
100 SERVER COMPUTER
MEMORY 108
™\
______ s CONVERSION APPLICATION (.
| PROCESSOR |
| | HARDWARE
| 106A | CONFIGURATION LOOKUP [ |35
| [CPU | TABLE
[
| 106B :
| Lcru | c 118 CONVERSION HISTORY FILE P 134
| eC [ MEMORY BUS
: CPU |
|
[ 106D |
| | cpPu |
L - e — _ _ _ _ [
122
C
1/0 BUS INTERFACE
1
/0 BUS
110 A2 114 116~ (120
TERMINAL STORAGE 1/0 DEVICE NETWORK
INTERFACE INTERFACE INTERFACE INTERFACE
STORAGE
/
USER 1/0 DEVICE ,\124 DEVICE ’}26
104
102
FIG. 2 CLIENT COMPUTER ~ K—— )



U.S. Patent

300

-

305

%

310

\

335

Apr. 5, 2016

Use conversion history
file to get current and
desired configuration for
conversion

Installation of
physical hardware

No needed?

Sheet 3 of 4

( Start

Begin server system
conversion

Identify machine state of
server

Retry of
conversion?

Verify current configuration
of all servers.

340

Create

US 9,306,805 B2

322

Current
Configuration
OK?
325

J

Calculate possible
configurations of

conversion
history file

345

Install physical
hardware for
upgrade.

servers from lookup
table for user to select

FIG. 3A



U.S. Patent Apr. 5, 2016 Sheet 4 of 4 US 9,306,805 B2
TN
A
/ '/\\ \\T/
( C — 370
< > Handle error j
J S and prepare
7 for ret
e Vahd 355 orrety.
_ No ~ N0 vy
< hardware J I Yes 360
~__installed?
~
e .
375 Yes T Return error. FK< Enror ‘ :
) .recoverable? -
R Convert server to the logical
configuration according to N
lookup table. I No 365
i Notify user of j
PN unrecoverable
380 e \\\ CITOr.
R // Server \\\
< conversion completed /ﬁ‘
AN 9 /
~_ successfully?
\\ pd N
~ e 0
~ — 384
7N
Yes i N /_
382 / AN v
Update converted server ~ Update . /[ A
N / [ END )
with active server data and completed N y
run converted server. ~_successfully? ~
\\ //
386 N
R Remove conversion Yes T
history file.
/L\
388 // S
R/ s All server \\\ Yes
< conversions >
\\gornplete;?// 390
\\\ P e
| Switch to .
No other server g B \>
conversion.




US 9,306,805 B2

1
DYNAMIC CONVERSION OF HARDWARE
RESOURCES OF A SERVER SYSTEM

FIELD

The present invention generally relates to a group of serv-
ers with a compatible hardware configuration making up a
server system, and more specifically, to a dynamic conversion
of hardware resources of the server system.

BACKGROUND

A server is a system of software and computer hardware
that responds to requests across a computer network to pro-
vide a network service. A server may be on a dedicated
computer or the server may be on a host computer. The server
may perform a task for a client computer system. The server
may serve many client computer systems. If a server fails,
then the client computer systems may no longer receive the
service the server provides. Many server systems include a
group of servers with compatible hardware configurations
that may resume services of a main server if the main server
were to fail.

SUMMARY

Embodiments herein provide for a method of dynamically
converting servers on a server system and a computer and
storage readable medium configured to do the same. In the
method, a first server enters a server conversion while a sec-
ond server performs one or more network services. A current
physical hardware configuration and logical hardware con-
figuration of a first server and a second server is verified.
Possible conversions are calculated of one or more valid
logical hardware configurations and one or more valid physi-
cal hardware configurations based on the current hardware
configurations of the first server and the second server. A valid
physical hardware configuration is selected for both servers
from the calculated possible conversions. The physical hard-
ware is updated for the conversion of the physical hardware
configuration of the first server. The current logical configu-
ration of the first server converts to a valid logical hardware
configuration based on the calculated possible conversions.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying draw-
ings in which reference numerals refer to similar elements.

FIG. 1 depicts a high-level block diagram of an exemplary
server system for implementing an embodiment.

FIG. 2 depicts a high-level block diagram of an exemplary
server computer system for implementing an embodiment.

FIG. 3A depicts a flowchart of a method of converting one
or more hardware resources of a server system, according to
an embodiment

FIG. 3B further depicts the flowchart of FIG. 3A of the
method of converting one or more hardware resources of the
server system, according to an embodiment.

DETAILED DESCRIPTION

Embodiments herein provide for a system and method of
converting hardware on a group of servers with a compatible
hardware configuration of a server system. Features illus-
trated in the drawings are not necessarily drawn to scale.
Descriptions of well-known components and processing
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techniques are omitted so as to not unnecessarily obscure the
disclosed embodiments. The descriptions of embodiments
are provided by way of example only, and are not intended to
limit the scope of the invention as claimed. The same numbers
may be used in the Figures and the Detailed Description to
refer to the same devices, parts, components, steps, opera-
tions, and the like.

A server system, such as a data storage system, may have
two or more servers for supporting the server system. Mul-
tiple servers may be used to create redundancy and back up
capability if a primary server fails. Periodically, the servers
may need to change or convert their hardware resources, such
as an upgrade or downgrade of certain hardware resources.
The conversion of hardware resources may require adding or
removing various types of memory such as cache and RAM
and adding more computer processing units. The conversion
may need to take place while the server system is providing
services and performing 1/O functions. Therefore, there can
be no downtime to the server system. Having no downtime
and providing the server system services are uninterrupted
requires that the conversion not take place on one of the
servers to keep the server system running without any data
loss or access loss.

Furthermore, during the server system conversion there
may be restrictions that all of the running servers cannot have
a big mismatch in their hardware resources. For instance, if
there is a very large mismatch of cache configuration among
servers, then that may create unstable cache operations that
may impact the overall server system. This may require that
each server conversion must stop at a specific hardware con-
figuration check point before reaching a desired hardware
configuration. The remaining servers may then be converted
to the specific configuration before the server conversion may
continue to a desired hardware configuration. This may be
repeated several times depending on the size of the conver-
sion from the original hardware configuration to the desired
hardware configuration. This requires multiple physical hard-
ware installations for each configuration check point so as not
to create a mismatch, which is time consuming.

In an example, two servers may make up the server system
and each server may 4 processor cores and 64 GB of cache.
The server administrator may want the servers to be upgraded
to 16 processor cores and 512 GB of cache. However, the
server system may only allow the conversion of a first server
to reach 8 processor cores and 128 GB of cache before there
is too high of mismatch between the first server and the
second server. The second server may still be providing net-
work services while the first server is being converted. After
the first server conversion, then the conversion may switch
over to the second server to convert that server to 8 processors
cores and 128 GB of cache before the first server can again
convert to a higher level. Each of these gradual steps may
require additional physical hardware to be installed to avoid
too high of mismatch between the two servers.

Embodiments herein provide for a conversion application
that dynamically converts the logical hardware configuration
of'a group of servers with a compatible hardware configura-
tion of a server system. The conversion application allows for
all of the physical hardware resources to be installed at once
to avoid multiple hardware resource installations. Further-
more, embodiments may allow the conversion to be retried
from the previous logical hardware configurations provided
the conversion fails.

FIG. 1 illustrates an exemplary server system 100 on which
a dynamic conversion application may convert the server
system 100 to different hardware resources. The server sys-
tem 100 may include a plurality of server computer systems
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(generally referred to herein as servers 101) in communica-
tion with a network 104 a client computer system 102. In the
example illustrated in FIG. 1, the server system 100 may
include a first server 101A and a second server 101B that may
be in communication with each other. The first server 101A
and the second server 101B may also each be in communica-
tion with the network 104 through a switch, node, or router for
example. The client computer system 102 may also be in
communication with the servers 101 through the network
104.

The first server 101A and second server 101B may be a
group of servers with a compatible hardware configuration.
Each server may provide the same service in such a way that
the service will still be available if one of the servers fails. One
of'the servers may be the primary, local server while the other
server may be a secondary, peer server. There may be addi-
tional secondary, peer servers, in various embodiments. Fur-
ther descriptions of the servers 101, client computer system
102, and network 104 will be provided below.

During a hardware conversion of the servers, i.e., hardware
upgrade of servers, the conversion may begin on the first
server 101A. The second server 101B may continue to pro-
vide network services to the network 104. An allowed physi-
cal hardware configuration may be installed on the first
server. A conversion application may convert a logical hard-
ware configuration to an acceptable level where there is
allowable mismatch between the first server 101A logical
hardware configuration and the second server 101B logical
hardware configuration. After the first server is brought
online and updated with the data from the second server 101B
so that the servers 101 are redundant, then the conversion may
begin with server 101B while the first server 101A is provid-
ing services to the network 104. The physical hardware con-
figuration of the second server 101B may be converted to that
of the first server 101A. The conversion application may
convert the logical hardware configuration of the second
server 101B to that of the first server 101A or to a logical
hardware configuration with acceptable mismatch between
the two servers. The second server may then be updated with
the data of'the first server 101 A and brought back online. This
can be repeated between the two servers until the desired
logical hardware configuration is met or if the logical hard-
ware configuration reaches the physical hardware installa-
tion. This allows a server system conversion to occur without
having to change the physical hardware configuration at each
logical configuration checkpoint.

Referring to the drawings, FIG. 2 depicts a high-level block
diagram representation of the server computer system 101
connected to a client computer system 102 via a network 104,
according to an embodiment. The terms “server” and “client”
are used herein for convenience only, and in various embodi-
ments a computer system that operates as a client computer in
one environment may operate as a server computer in another
environment, and vice versa. The mechanisms and apparatus
of embodiments apply equally to any appropriate computing
system, including a computer system that does not employ the
client-server model.

The major components of the server 101 may include one
or more processors 106, a main memory 108, a terminal
interface 110, a storage interface 112, an /O (Input/Output)
device interface 114, and a network interface 116, all of which
may be communicatively coupled, directly or indirectly, for
inter-component communication via a memory bus 118, an
1/0 bus 120, and an I/O bus interface unit 122.

The server 101 may contain one or more general-purpose
programmable central processing units (CPUs) 106A, 106B,
106C, and 106D, herein generically referred to as the proces-
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sor 106. In an embodiment, the server 101 may contain mul-
tiple processors typical of a relatively large system; however,
in another embodiment the server 101 may alternatively be a
single CPU system. Each processor 106 may execute instruc-
tions stored in the main memory 108 and may include one or
more levels of on-board cache.

In an embodiment, the main memory 108 may include a
random-access semiconductor memory, storage device, or
storage medium (either volatile or non-volatile) for storing or
encoding data and programs. In another embodiment, the
main memory 108 may represent the entire virtual memory of
the server 101, and may also include the virtual memory of
other computer systems coupled to the server 101 or con-
nected via the network 104. The main memory 108 may be
conceptually a single monolithic entity, but in other embodi-
ments the main memory 108 may be a more complex arrange-
ment, such as a hierarchy of caches and other memory
devices.

The main memory 108 may store or encode a conversion
application 130, a hardware configuration lookup table 132,
and a conversion history file 134. Although the conversion
application 130, a hardware configuration lookup table 132,
and a conversion history file 134 are illustrated as being
contained within the memory 108 in the server 101, in other
embodiments some or all of them may be on different com-
puter systems and may be accessed remotely, e.g., via the
network 104. The server 101 may use virtual addressing
mechanisms that allow the programs of the server 101 to
behave as if they only have access to a large, single storage
entity instead of access to multiple, smaller storage entities.
Thus, while the conversion application 130, a hardware con-
figuration lookup table 132, and a conversion history file 134
are illustrated as being contained within the main memory
108, these elements are not necessarily completely contained
in the same storage device at the same time. Further, although
the conversion application 130, a hardware configuration
lookup table 132, and a conversion history file 134 are illus-
trated as being separate entities, in other embodiments some
of them, portions of some of them, or all of them may be
packaged together.

In an embodiment, the conversion application 130, a hard-
ware configuration lookup table 132, and a conversion history
file 134 may include instructions or statements that execute
on the processor 106 or instructions or statements that may be
interpreted by instructions or statements that execute on the
processor 106, to carry out the functions as further described
below with reference to FIGS. 3A and 3B. In another embodi-
ment, the conversion application 130, a hardware configura-
tion lookup table 132, and a conversion history file 134, or
two or more of these elements may be implemented in hard-
ware via semiconductor devices, chips, logical gates, circuits,
circuit cards, other physical hardware devices, or a combina-
tion of these devices in lieu of, or in addition to, a processor-
based system. In an embodiment, the conversion application
130, a hardware configuration lookup table 132, and a con-
version history file 134, or two or more of these elements may
include data in addition to instructions or statements.

The memory bus 118 may provide a data communication
path for transferring data among the processor 106, the main
memory 108, and the I/O bus interface 122. The /O bus
interface 122 may be further coupled to the I/O bus 120 for
transferring data to and from the various 1/O units. The I/O
bus interface unit 122 communicates with multiple I/O inter-
face units 110, 112, 114, and 116, which may also be known
as I/O processors (I0Ps) or /O adapters (I0As), through the
17O bus 120.
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The I/O interface units support communication with a vari-
ety of storage and 1/O devices. For example, the terminal
interface unit 110 supports the attachment of one or more user
1/0 devices 124, which may include user output devices (such
as a video display device, speaker, or television set) and user
input devices (such as a keyboard, mouse, keypad, touchpad,
trackball, buttons, light pen, or other pointing device). A user
may manipulate the user input devices utilizing a user inter-
face, in order to provide input data and commands to the user
1/0 device 124 and the server 101, and may receive output
data via the user output devices. For example, a user interface
may be presented via the user I/O device 124, such as dis-
played on a display device, played via a speaker, or printed via
a printer.

The storage interface 112 supports the attachment of one or
more disk drives or direct access storage devices 126 (which
are typically rotating magnetic disk drive storage devices,
although they could alternatively be other storage devices,
including arrays of disk drives configured to appear as a
single large storage device to a host computer). In another
embodiment, the storage device 126 may be implemented via
any type of secondary storage device. The contents of the
main memory 108, or any portion thereof, may be stored to
and retrieved from the storage device 126 as needed. The [/O
device interface 114 may provide an interface to any of vari-
ous other input/output devices or devices of other types, such
as printers or fax machines. The network interface 116 may
provide one or more communications paths from the server
101 to other digital devices and computer systems 102; such
paths may include, e.g., one or more networks 104.

In various embodiments, the server 101 may be a multi-
user mainframe computer system, a single-user system, or a
server computer or similar device that has little or no direct
user interface, but receives requests from other computer
systems (clients). In other embodiments, the server 101 may
be implemented as a desktop computer, portable computer,
laptop or notebook computer, tablet computer, pocket com-
puter, telephone, smart phone, or any other appropriate type
of electronic device.

The client computer system 102 may include some or all of
the hardware and/or computer program elements of the server
101. The various program components implementing various
embodiments may be implemented in a number of manners,
including using various computer applications, routines,
components, programs, objects, modules, data structures,
etc., and are referred to herein as “computer programs,” or
simply “programs.”

FIG. 3A illustrates a flow chart of a method 300 for con-
version of a server system such as server system 100 of FIG.
1, according to an embodiment. Two or more servers such as
servers 101A and 101B of FIG. 1 may require a hardware
conversion. In operation 305, the conversion application 130
may be initiated on one of the servers. For exemplary pur-
poses, the conversion application 130 may be initiated for the
first server 101A. However, in other embodiments the con-
version application 130 may first initiate on the second server
101B or on multiple servers as long as one server provides
network services. Also for exemplary purposes, the conver-
sion may be an upgrade of hardware to from the servers
having an initial physical and logical hardware configuration
of'4 processor cores and 64 GB of cache to the servers having
16 processor cores and 512 GB of cache.

In operation 310, the conversion application 130 may iden-
tify a machine state of the server. The conversion application
130 may identify whether the server is entering conversion for
the first time or whether the conversion is a retry of a previous
conversion attempt that failed.
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In operation 315, the conversion application 130 may
determine the machine state of the first server 101A. If the
server conversion is not a retry of a server conversion, then
method 300 may continue to operation 320. In operation 320,
the conversion application 130 may verify the current physi-
cal hardware configuration and logical hardware configura-
tion of all of the servers in the server system 100, i.e., 4
processor cores and 64 GB of cache. The physical hardware
configuration refers the resources of the tangible devices
installed on the system. The logical hardware configuration
refers to what physical resources of the physical hardware the
server is actually using, which may be less than the physical
resources of the physical hardware.

In operation 322, if the current configuration does not
allow the server to be converted, then the method may con-
tinue at operation 355 of FIG. 3B by returning an error, which
is further explained below. If the local server has reached its
pre-defined upper hardware configuration limit, then it can-
not upgrade its physical hardware capacity further and has to
wait until other servers upgrade their hardware capacity to be
within a compatible level. In operation 322, if the current
configuration of the server is good, then the method may
continue to operation 325 of method 300.

In operation 325, the conversion application 130 may cal-
culate from the hardware configuration lookup table 132 of
FIG. 2 all possible physical and logical hardware configura-
tions that may be selected from to obtain a desired physical
and logical hardware configuration. The desired physical and
logical hardware configuration may be selected in operation
325, i.e., 16 processor cores and 512 GB of cache.

The hardware configuration lookup table 132 may be an
array of possible hardware configurations for the server sys-
tem 100. The hardware configuration lookup table 132 may
include, but is not limited to, the possible combinations of
different cache, processors, other storage, and mismatch
between the servers of the server system. Being an array, the
hardware configuration lookup table may replace computa-
tion of possible configurations by the processors, which may
limit I/O operations, making the operation faster. The hard-
ware configuration lookup table 132 may be precalculated
and stored in static storage or calculated as part of the con-
version application 130 initialization, for example.

In operation 330, the conversion application 130 may cre-
ate the conversion history file 134. The conversion history file
134 may be the current configuration, i.e., 4 processor cores
and 64 GB of cache, of the server undergoing conversion,
which may include the current physical hardware configura-
tion and the current logical hardware configuration. It may
also include the selected physical and logical hardware con-
figurations for the server system 100 conversion. The conver-
sion history file 134 may be used during a retry due to a failure
during the server system 100 conversion. The conversion
application 130 may setup the conversion configuration again
from reading the conversion history file 134. This can be seen
in operation 335. Referring back to operation 315, if in opera-
tion 315 the machine status of the first server is a retry, then,
in operation 335, the conversion application 130 may use the
conversion history file 134 to get the setup the desired con-
version. The conversion history file 134 may be used to avoid
the extra steps of operations 320-330.

Once either operation 330 or operation 335 is performed,
then, in operation 340, the conversion application 130 may
determine whether any physical hardware needs to be
installed or removed to complete the conversion. In the given
example 12 processor cores and 456 GB of cache need to be
additionally installed. If no physical hardware needs to be
installed, then the method may continue at operation 350 in
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FIG. 3B. If physical hardware needs to be installed, then, in
operation 345, all of the physical hardware may be installed
or some of the physical hardware may be installed in the first
server 101A. Again, the physical hardware installed may
include cache, processor cores, or other memory, for
example.

Following flow chart connector C of FIG. 3A to flow chart
connector C of FIG. 3B, method 300 continues at operation
350 of FIG. 3B. In operation 350, the conversion application
130 may verify that the hardware physically installed is a
valid configuration by comparing it to valid configurations
within the hardware configuration lookup table 132. If the
physical hardware is not valid, then, in operation 355, an error
may be returned to the user. In operation 360, the conversion
application 130 may determine whether the error is recover-
able. Ifthe error is not recoverable, then, in operation 365, the
conversion application 130 may notify the user that the error
is unrecoverable and the method 300 may end. If the error is
recoverable, then, in operation 370, the error may be cor-
rected and the conversion may prepare for retry. The method
may then continue back to operation 305 of FIG. 3A. An
example of an error may be the incorrect physical hardware
configuration compared to the initial selected physical hard-
ware configuration. The error may be corrected by installing
the required physical hardware configuration.

Returning to operation 350, if the physical hardware
installed is valid, then, in operation 375, the conversion on the
first server may be performed. The logical hardware configu-
ration may be converted to the allowed logical hardware
configuration determined by the hardware conversion lookup
table 132. The logical hardware configuration may not be the
same as the physical hardware configuration after the initial
conversion. For example, the first server may only be able to
upgrade to 8 processor cores and 128 GB of cache before
there is too much mismatch. The conversion application 130
may monitor the server conversion of the logical hardware
configuration. In operation 380, if the conversion of the logi-
cal hardware configuration did not complete successfully,
then the conversion application 130 may return an error in
operation 355. If the conversion of the logical hardware con-
figuration completed successfully, then, in operation 382, the
first server that was converted may be updated with the data of
the second server, which was still providing network services,
so that their redundancy is restored. In operation 384, if the
update of data did not complete successfully, then the method
300 may return an error in 355. If the update of data did
complete successtully, then, in operation 386, the conversion
history file 134 may be removed. In operation 388, the con-
version application 130 may determine whether all of the
server conversions have completed, i.e. both servers are at the
logical configuration of 16 processor cores and 512 GB of
cache. If they have all completed, then the method 300 may
end. If the server conversions have not completed, then, in
operation 390, the conversion application 130 may switch the
server conversion to the second server and the first server may
remain active. The method may return to operation 305.

Referring back to FIG. 2, the computer programs include
one or more instructions or statements that are resident at
various times in various memory and storage devices in the
server 101. When the computer programs are read and
executed by one or more processors in the server 101, or when
interpreted by instructions that are executed by one or more
processors, the computer programs cause the server 101 to
perform the actions necessary to execute steps or elements
including the various aspects of embodiments. Aspects of
embodiments may be embodied as a system, method, or com-
puter program product. Accordingly, aspects of embodiments
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may take the form of an entirely hardware embodiment, an
entirely program embodiment (including firmware, resident
programs, micro-code, etc., which are stored in a storage
device), or an embodiment combining program and hardware
aspects that may all generally be referred to herein as a “cir-
cuit,” “module,” or “system.” Further, embodiments may take
the form of a computer program product embodied in one or
more computer-readable medium(s) having computer-read-
able program code embodied thereon.

Any combination of one or more computer-readable medi-
um(s) may be utilized. The computer-readable medium may
be a computer-readable signal medium or a computer-read-
able storage medium. For example, a computer-readable stor-
age medium may be, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of'the computer-readable storage media may include: an elec-
trical connection having one or more wires, a portable com-
puter diskette, a hard disk, a random access memory (RAM),
aread-only memory (ROM), an erasable programmable read-
only memory (EPROM) or Flash memory, an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer-readable storage medium may be any
tangible medium that can contain, or store, a program for use
by or in connection with an instruction execution system,
apparatus, or device.

A computer-readable signal medium may include a propa-
gated data signal with computer-readable program code
embodied thereon, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter-readable signal medium may be any computer-readable
medium that is not a computer-readable storage medium and
that communicates, propagates, or transports a program for
use by, or in connection with, an instruction execution system,
apparatus, or device. Program code embodied on a computer-
readable medium may be transmitted using any appropriate
medium, including but not limited to, wireless, wire line,
optical fiber cable, Radio Frequency, or any suitable combi-
nation of the foregoing.

Computer program code for carrying out operations for
aspects of embodiments may be written in any combination of
one or more programming languages, including object ori-
ented programming languages and conventional procedural
programming languages. The program code may execute
entirely on the user’s computer, partly on a remote computer,
or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider).

Aspects of embodiments are described with reference to
flowchart illustrations and/or block diagrams of methods,
apparatus (systems), and computer program products. Each
block of the flowchart illustrations and/or block diagrams,
and combinations of blocks in the flowchart illustrations and/
or block diagrams may be implemented by computer program
instructions embodied in a computer-readable medium.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
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execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified by the flowchart and/or
block diagram block or blocks. These computer program
instructions may also be stored in a computer-readable
medium that can direct a computer, other programmable data
processing apparatus, or other devices to function in a par-
ticular manner, such that the instructions stored in the com-
puter-readable medium produce an article of manufacture,
including instructions that implement the function/act speci-
fied by the flowchart and/or block diagram block or blocks.

The computer programs defining the functions of various
embodiments may be delivered to a computer system via a
variety of tangible computer-readable storage media that may
be operatively or communicatively connected (directly or
indirectly) to the processor or processors. The computer pro-
gram instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to
cause a series of operational steps to be performed on the
computer, other programmable apparatus, or other devices to
produce a computer-implemented process, such that the
instructions, which execute on the computer or other pro-
grammable apparatus, provide processes for implementing
the functions/acts specified in the flowcharts and/or block
diagram block or blocks.

The flowchart and the block diagrams in the figures illus-
trate the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products, according to various embodiments. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code, which
includes one or more executable instructions for implement-
ing the specified logical function(s). In some embodiments,
the functions noted in the block may occur out of the order
noted in the figures. For example, two blocks shown in suc-
cession may, in fact, be executed substantially concurrently,
or the blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. Each block of the
block diagrams and/or flowchart illustration, and combina-
tions of blocks in the block diagrams and/or flow chart illus-
trations, can be implemented by special purpose hardware-
based systems that perform the specified functions or acts, in
combinations of special purpose hardware and computer
instructions.

Embodiments may also be delivered as part of a service
engagement with a client corporation, nonprofit organization,
government entity, or internal organizational structure.
Aspects of these embodiments may include configuring a
computer system to perform, and deploying computing ser-
vices (e.g., computer-readable code, hardware, and web ser-
vices) that implement, some or all of the methods described
herein. Aspects of these embodiments may also include ana-
lyzing the client company, creating recommendations
responsive to the analysis, generating computer-readable
code to implement portions of the recommendations, inte-
grating the computer-readable code into existing processes,
computer systems, and computing infrastructure, metering
use of the methods and systems described herein, allocating
expenses to users, and billing users for their use of these
methods and systems. In addition, various programs
described herein may be identified based upon the application
for which they are implemented in specific embodiments.
But, any particular program nomenclature used herein is used
merely for convenience, and thus embodiments are not lim-
ited to use solely in any specific application identified and/or
implied by such nomenclature. The exemplary environments
illustrated in FIG. 2 are not intended to limit embodiments.
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Indeed, other alternative hardware and/or program environ-
ments may be used without departing from the scope of
embodiments.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “includes” and/or “including,”
when used in this specification, specify the presence of the
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. In the previous
detailed description of exemplary embodiments, reference
was made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
exemplary embodiments in which the embodiments may be
practiced. These embodiments were described in sufficient
detail to enable those skilled in the art to practice the embodi-
ments, but other embodiments may be utilized and logical,
mechanical, electrical, and other changes may be made with-
out departing from the scope of the embodiments. In the
previous description, numerous specific details were set forth
to provide a thorough understanding of embodiments. But,
embodiments may be practiced without these specific details.
In other instances, well-known circuits, structures, and tech-
niques have not been shown in detail in order not to obscure
embodiments.

Different instances of the word “embodiment” as used
within this specification do not necessarily refer to the same
embodiment, but they may. Any data and data structures
illustrated or described herein are examples only, and in other
embodiments, different amounts of data, types of data, fields,
numbers and types of fields, field names, numbers and types
of rows, records, entries, or organizations of data may be
used. In addition, any data may be combined with logic, so
that a separate data structure may not be necessary. The pre-
vious detailed description is, therefore, not to be taken in a
limiting sense.

What is claimed is:
1. A method of upgrading hardware on a server system of
tWo or more servers comprising:

entering a server conversion of a first server while a second
server performs one or more network services;

verifying a current physical hardware configuration and
logical hardware configuration of a first server and a
second server;

calculating possible conversions of one or more valid logi-
cal hardware configurations and one or more valid
physical hardware configurations based on the current
hardware configurations of the first server and the sec-
ond server;

selecting a valid physical hardware configuration for both
servers from the calculated possible conversions;

creating a conversion history file of the current logical
hardware configuration of the first server and the
selected physical hardware configuration before conver-
sion of the current logical hardware configuration;

updating the physical hardware for the conversion of the
physical hardware configuration of the first server;

converting the current logical configuration of the first
server to a valid logical hardware configuration based on
the calculated possible conversions;

detecting an error in the conversion of the first server;

correcting the error in the conversion of the first server; and
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retrying the conversion of the first server from the logical
hardware configuration set by the conversion history
file.

2. The method of claim 1, further comprising:

updating the first server with the data on the second server

so that they are redundant;

entering the server conversion of the second server while

the first server performs one or more network services;
updating physical hardware for the conversion of the
physical hardware configuration of the first server;
converting the current logical configuration of the second
server to a valid logical hardware configuration based on
the calculated possible conversions; and

updating the second server with the data on the first server

so that the first and second servers are redundant.

3. The method of claim 1, further comprising:

removing the conversion history file of the first server when

the conversion of the first server is completed.
4. The method of claim 1, wherein a hardware configura-
tion lookup table is used to calculate possible upgrade of one
or more valid logical hardware configurations and one or
more valid physical hardware configurations.
5. The method of claim 1, wherein the physical hardware
installed on the first server is all of the physical hardware of
the selected physical hardware configuration.
6. A computer-readable storage device encoded with
instructions, wherein the instructions when executed com-
prise:
entering a server conversion of a first server while a second
server performs one or more network services;

verifying a current physical hardware configuration and
logical hardware configuration of a first server and a
second server;
calculating possible conversions of one or more valid logi-
cal hardware configurations and one or more valid
physical hardware configurations based on the current
hardware configurations of the first server and the sec-
ond server;
selecting a valid physical hardware configuration for both
servers from the calculated possible conversions;

creating a conversion history file of the current logical
hardware configuration of the first server and the
selected physical hardware configuration before conver-
sion of the current logical hardware configuration;

updating the physical hardware for the conversion of the
physical hardware configuration of the first server;

converting the current logical configuration of the first
server to a valid logical hardware configuration based on
the calculated possible conversions;

detecting an error in the conversion of the first server;

correcting the error in the conversion of the first server; and

retrying the conversion of the first server from the logical
hardware configuration set by the conversion history
file.

7. The storage medium of claim 6, further comprising:

updating the first server with the data on the second server

so that they are redundant;

entering the server conversion of the second server while

the first server performs one or more network services;
updating physical hardware for the conversion of the
physical hardware configuration of the first server;
converting the current logical configuration of the second
server to a valid logical hardware configuration based on
the calculated possible conversions; and

updating the second server with the data on the first server

so that the first and second servers are redundant.
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8. The storage medium of claim 6, further comprising:

removing the conversion history file of the first server when

the conversion of the first server is completed.

9. The storage medium of claim 6, wherein a hardware
configuration lookup table is used to calculate possible
upgrade of one or more valid logical hardware configurations
and one or more valid physical hardware configurations.

10. The storage medium of claim 6, wherein the physical
hardware installed on the first server is all of the physical
hardware of the selected physical hardware configuration.

11. A computer comprising:

a processor; and

memory communicatively coupled to the processor,

wherein the memory is encoded with instructions, and
wherein the instruction when executed by the processor
include:
entering a server conversion of a first server while a second
server performs one or more network services;

verifying a current physical hardware configuration and
logical hardware configuration of a first server and a
second server;
calculating possible conversions of one or more valid logi-
cal hardware configurations and one or more valid
physical hardware configurations based on the current
hardware configurations of the first server and the sec-
ond server;
selecting a valid physical hardware configuration for both
servers from the calculated possible conversions;

creating a conversion history file of the current logical
hardware configuration of the first server and the
selected physical hardware configuration before conver-
sion of the current logical hardware configuration;

updating the physical hardware for the conversion of the
physical hardware configuration of the first server;

converting the current logical configuration of the first
server to a valid logical hardware configuration based on
the calculated possible conversions;

detecting an error in the conversion of the first server;

correcting the error in the conversion of the first server; and

retrying the conversion of the first server from the logical
hardware configuration set by the conversion history
file.

12. The computer of claim 11, wherein the instruction
when executed by the processor further include:

updating the first server with the data on the second server

so that they are redundant;

entering the server conversion of the second server while

the first server performs one or more network services;
updating physical hardware for the conversion of the
physical hardware configuration of the first server;
converting the current logical configuration of the second
server to a valid logical hardware configuration based on
the calculated possible conversions; and

updating the second server with the data on the first server

so that the first and second servers are redundant.

13. The computer of claim 11, wherein the instruction
when executed by the processor further include:

removing the conversion history file of the first server when

the conversion of the first server is completed.

14. The computer of claim 11, wherein a hardware con-
figuration lookup table is used to calculate possible upgrade
of'one or more valid logical hardware configurations and one
or more valid physical hardware configurations.
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